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Synthesis, spectroscopic and electrochemical properties of some complexes of a new symmetric
bidentate Schiff base ligand of bis((E) 3-(2-nitrophenyl)allylidene)propane-1,2-diamine (L) with a
general formula of MLX,(M= Cd(ll) and Hg(ll); X=CI', Br’, I, SCN" and N3") are reported. The ligand
and its complexes were characterized by elemental analysis, molar conductance, UV-Visible spectra,
FT-IR spectra, *H NMR and **C NMR spectra. The molar conductance and spectral data indicated that
the complexes are molecular and non-electrolyte. The reasonable shifts of FT-IR and NMR spectral
peaks of the complexes with respect to the free ligand confirm coordination of ligand and anions(X").
The redox potentials of ligand and its complexes were investigated by electrochemical method using
cyclic voltammetry (CV). The results showed the changes in cathodic and anodic potentials of
complexes with respect to free ligand. The ligand and complexes exhibited quasi-reversible electron
transfer process except about mercury thiocyanate complex that showed reversible redox behavior.
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1. INTRODUCTION

Schiff bases as chelating ligands have attracted great interest and various uses in different
fields. Schiff bases and their metal complexes have been found to be biological active in the view of
antibiotic[1], antimicrobial[2], antifungal[3], and antitumor [4] properties. In organic methodology,
Schiff base complexes have key role in catalysis of a variety of organic reactions such as metathesis
process[5], reductive carbonylation[6], polymerization[7], decarboxylation[8], and oxidation[9]. In
inorganic chemistry point of view, Schiff bases have been widely applied for development of
coordination chemistry. Due to these utilities, many reports on synthesis of new complexes have been
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presented in literature[10-13]. Recently the electrochemical investigations have been used as useful
studies in various aspects because of their sensitivity and relatively short analysis time in comparison
with other physicochemical techniques. For example redox potentials can lead to some information on
structural features and chemical and biochemical activity [14-16]. Therefore electrochemical behaviors
of some Schiff base complexes have been reported [17-19]. To the best of our knowledge, among
many other bidentate Schiff base ligands and their complexes of mercury and cadmium and also their
electrochemical behaviors has been less paid attention to with respect to other metal ions. In
continuation of our previous works[20-22] on synthesis of XII group metal complexes, in this work we
wish to report synthesis, characterization and electrochemical behaviors of bis((E) 3-(2-
nitrophenyl)allylidene)propane-1,2-diamine (L) as a new bidentate Schiff base ligand and its mercury
and cadmium complexes.

2. EXPERIMENTAL

2.1. Materials and methods

3(2-nitrophenyl)-1-propenal, 1,2-propanediamine, cadmium and mercury halides and other
chemicals were purchased from Aldrich, Merck or BDH Chemicals. Metal thiocynate and azides were
prepared according to our previous report[20]. Solvents were purified and dried before use according
to the standard method.

KBr pellets were used for recording of IR spectra in range of the 4000—400 cm™. UV-Visible
spectra were recorded in DMF solutions on a JASCO-V570 spectrophotometer. *H and *C NMR
spectra were obtained using a Brucker DPX FT-NMR spectrometer at 500 MHz in DMSO-dg. Carbon,
hydrogen and nitrogen of dried samples were performed using an elemental analyzer. BUCHI B-545
melting point instrument was applied for recording of melting points.

Molar conductance of the ligand and their complexes were measured on 10~ M solutions in
DMF at room temperature using Metrohm-712 conductometer with a dip-type conductivity cell made
of platinum black. Electrochemical behaviors have been investigated by use of a BHP 2063
Potentiostat Galvanostat instrument.

2.2. Cyclic voltammetry (CV) recording

All experiments were performed in a three electrode cell containing three electrodes; glassy
carbon as working, platinium disk as supporting and silver wire as reference electrodes was applied.
Scan rate was of V/S. The solvents were dried by CaH,. Voltammetric measurements were performed
at room temperature. For recording of CV, the solutions of 10° M of ligand and complexes in dry
acetonitrile (ligand, cadmium iodide and mercury complexes) and/or DMF (cadmium chloride,
bromide and thiocyanate complexes) as well as tetrabutylammonium hexafluorophosphate as
supporting electrolyte were used. All solutions were deoxygenated by passing a stream of pre-purified
N into the solution for at least 10 Min prior to recording the voltamograms. All chemical potentials
were modified using ferrocene/ferrocenium as internal standard electrode.
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2.3. Synthesis of the Schiff base ligand(L)

The ligand of bis ((E) 3-(2-nitrophenyl)allylidene) propane -1, 2-diamine was synthesized by
condensation of propane-1,2-diamine, (2 mmol) and (E) 3-(2-nitrophenyl)-1-propenal (4 mmol) in
absolute methanol (25 mL) under severe stirring for 1.5 hours in an ice both. After completion of the
reaction, reaction mixture was poured to cooled water (50 mL). The yellowish white precipitate was
filtered and then recrystallized from ethanol to obtain pure ligand in 75%. The Schiff base is soluble in
some common organic solvents but not in n-hexane and n-heptane. Some physical, characteristic IR
peaks and UV-Visible bands are summarized in Table 1 and 2. The *H and **C NMR data of ligand
based on figure 1 are as following:

'HNMR(in DMSO-dg): 8.11(d, 1He J= 8.85Hz), 8.09(d, 1He, J= 8.85Hz), 7.91(d, 2Hxx, J=8.15Hz),
7.79(d, 2Hp, J= 7.85 Hz), 7.70(t, 2H;, J= 6.76 Hz), 7.56(t, 2H;, J= 7.75 Hz and J= 7.70Hz),
7.34(d,2H,g, J= 15.90 Hz), 6.93(dd, 1Hy, J= 15.80 Hz and J= 8.75Hz), 6.92(d, 1H¢, J= 15.80 Hz and J=
8.62Hz), 3.66(bd, 1Hp, J= 7.30Hz), 3.53(m, 2H,), 1.19(d, 3Hg, J= 5.70Hz) ppm.

BCNMR(in DMSO-dg): 163.18(C;), 161.14(C,), 147.92 (Cioi0), 135.37(C4), 135.21 (Cy),
133.49(Cy, o), 132.54(Cs), 132.40(Cs’), 130.17(C3), 130.11(C57), 129.79(Cs), 129.17 (C¢’), 128.39(Cy,
77), 124.42(Cg 3') 67.27(C;"), 65.83(C1), 20.37 (C1a).

2.4. Synthesis of complexes

The Cd(I1) and Hg(ll) complexes were prepared by stepwise addition of the ligand (0.5 mmol)
in ethanol(10 mL) to cadmium(ll) or mercury(ll) halide, thiocynate or azide salts(0.5 mmol) in
absolute ethanol (5 mL) for 1-2 hours under severe stirring at room temperature. The precipitate of
CdLX; and HgLX; complexes so obtained were filtered and washed with ethanol twice. The
compounds were recrystallized from dichloromethane/ ethanol mixture(1:1) and dried at (80-100°C)
under vacuum and were kept in a desiccator over silica-gel. The color, yield%, microanalysis data,
characteristic IR peaks and UV-Visible bands are collected in Table 1 and 2. The *H and **C NMR
data of complexes based on figure 1 are as following:

-CdLCly: *HNMR(in DMSO-ds): 8.32(d, 1He, J= 7.90 Hz), 8.27(d, 1He, J= 8.40 Hz), 8.03(d, 1Hy, J=
7.80 Hz),8.02 (d, 1Hy, J= 8.05 Hz), 7.91(d, 1Hy, J= 7.80 Hz), 7.87(d, 1Hy, J= 7.75 Hz), 7.78 (t, 2H;;,
J=6.75 Hz and J=6.55 Hz), 7.62 (t, 2Hj;, J=7.65Hz), 7.47(m, 3Hgg7){ 7.48 (d, 2Hyq, J=15.65 Hz),7.47
(m, 1Hy)}, 7.40(dd, 1Hy, J=15.58 and J= 8.28 Hz), 1.18(d, 3Hg, J= 6.45 Hz) ppm. *CNMR(in DMSO-
de): 166.27(C,),164.48(C,), 148.00(Ci), 147.97(Ci¢), 137.64(Cs), 137.27(Cs), 133.70(Cy),
133.66(Cy), 131.82(Cs), 131.71(Cs), 130.30(Cs '), 130.09(C3), 130.06 (C5),128.39(C;), 128.36(C7),
124.64(Cs), 124.61(Cg’), 65.35(C4), 64.01(C;).19.77(C11) ppm.

-CdLBr,: 'HNMR(in DMSO-d6): 8.30(d, 1H,, J= 8.60 Hz), 8.26(d, 1He, J= 8.75 Hz), 8.02(d, 2Hx,
J=8.15Hz),7.90(t, 2Hp, J= 7.95 Hz and J=8.10 Hz), 7.78(t, 2H;;, J= 7.55Hz and J= 7.65 Hz), 7.62(t,
2Hjp, J= 7.75 Hz and J=7.65 Hz), 7.47(d, 2Hyq, J= 15.75 Hz), 7.40(m, 1H),7.32(dd, 1H¢, J=15.80Hz
and J=8.90 Hz), 3.83(dd, 1Hp, J=11.80 Hz and J=3.30Hz), 3.77 (sixtet, 1H., J= 5.65Hz), 3.54 (dd, 1H,,
J=12.30 Hz, J=5.20 Hz), 1.19 (d, 3Hg, J=6.45 ) ppm. *CNMR(in DMSO-ds): 165.84(C,), 163.99(C>),
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147(C10,10°), 137 (Ca.a), 133.68(Co), 133.65(Cy-), 131.82(Cs), 131.63(Cs), 130.27(C537), 130.09(Cs,¢),
128.35(C;), 128.35(C+"), 124.62(Cs), 124.48(Cs),65.62(C5),64.30(C;), 19.89(C11) ppm.

-CdLly: *HNMR(in DMSO-dg): 8.30(d, 1H., J= 8.85 Hz), 8.26(d, 1He, J= 8.80 Hz), 8.02(d, 2H,
J=8.10Hz),7.89(d, 2Huy, J= 7.55 Hz), 7.78(t, 2H;i, J= 7.55 Hz and J=7.70 Hz), 7.62(t, 2H;;, J= 7.55Hz
and J=7.35 Hz), 7.47 (d, 2Hyq, J= 15.75 Hz), 7.28(dd, 2H¢r, J=15.72 Hz and J= 8.87 Hz), 3.83(dd, 1Hb,
J=12.18 Hz and J=3.70Hz), 3.76(sixtet, 1H,, J=3.70 Hz), 3.54(dd, 1Ha, J= 12.28Hz and J= 5.45 Hz),
1.20(d, 3Hg, J = 6.54Hz) ppm. *CNMR(in DMSO-dg): 165.64(C,), 163.67(C,), 147.94(C10,10),
137.33 (Cu4), 133.67(Co,0), 131.80(Cs), 131.63(Cs), 130.26(Cs), 130.23(Cs), 130.12(Ce),
130.08(Cs"), 128.39(C7), 128.32(C7/), 124.62(Css"), 65.71(C1), 64.41(C,), 20.02 (C11) ppm.
-CdL(SCN),: *HNMR(in DMSO-dg): 8.33(d, 1He, J= 8.85 Hz), 8.29(d, 1He, J= 8.85 Hz), 8.04(d, 1Hj,
J=8.15 Hz), 8.03 (d, 1Hy, J= 7.45 Hz), 7.97(d, 2Hpy, J= 7.85 Hz), 7.79(t, 2H;i, J= 7.55 Hz and J=7.60
Hz), 7.64 (t, 2Hj;, J= 7.60 Hz and J= 7.70Hz),7.54(d, 2Hggq, J= 15.80 Hz), 7.39(m, 1Hy), 7.30 (dd, 1Hs,
J=15.85Hz and J=9.00Hz), 3.85(bd, 1Hy, J= 11.70Hz), 3.78(m, 1H,), 3.50 (dd, 1H,, J=12.22 Hz and J=
4.65 Hz), 1.15 (d, 3Hg, J=6.55 Hz) ppm. *CNMR(in DMSO-ds): 166.45(C,), 164.70(C5’), 148.01(C1o),
147.99(C10), 138(Ca.s’), 133.89(Cscn), 133.77(Cy), 133.74(Cy’), 131.31 (Cs), 131.19(Cs’), 129.95(Cs),
129.90(C5), 128.60(Cs. '), 128.59(C7.7), 124.64(Csy'), 65.23(Cy1), 63.92(C;-), 19.60 (C1y)

-CdL(N3)2: *HNMR(in DMSO-dg): 8.31(d, 1H,, J= 8.60 Hz), 8.27 (d, 1He, J= 8.80 Hz), 8.02(d, 2H,
J=8.10 Hz), 7.95(d, 1Hy, J= 4.60 Hz), 7.94(d, 1Hy, J=4.90 Hz), 7.77(t, 2Hii, J= 7.35 Hz and J=7.50
Hz),7.62 (t, 2H;j, J= 7.75 Hz and J=7.70 Hz), 7.48(d, 2Hyy, J=16.10 Hz), 7.37(dd, 1Hy, J=15.85 Hz and
J=7.65 Hz), 7.31 (dd, 1H¢, J= 15.40 Hz and J=8.90 Hz), 3.84 (bd, 1Hy, J=11.80Hz), 3.74 (m, 1H,, 3.51
(m, 1Ha), 1.17(d, 3Hg, J=6.40) ppm. **CNMR(in DMSO-ds): 165.94(C;), 164.07(C,"), 148.03(C10.10"),
137.54(C4.4"), 133.63(Co), 131.78(Cs), 131.62(Cs’), 130.25(C3), 130.23(C3-), 130.08(Cs), 130.06(Cs),
128.48(C-), 128.44(C;), 124.58(Cy "), 63.97(C1),63.09(C,), 19.56(C11)

-HgLCl,: 'HNMR(in DMSO-dg): 8.58(d, 1H,, J= 8.85 Hz), 8.55(d, 1He, J= 9.00Hz), 8.07(d, 1H, J=
8.00 Hz), 8.06(d, 1Hy, J= 8.05 Hz), 7.86(d, 2Hy, J= 8.00 Hz), 7.82(t, 2H;i, J= 7.05 Hz and J= 6.95
Hz), 7.66 (t, 2H;;, J= 7.20 Hz and J=8.35Hz), 7.65(d, 2Hyg, J= 15.50 Hz), 7.22(dd, 2Hy, J=15.62 Hz
and J= 8.83 Hz), 4.03(m, 1H,), 3.95(bd, 1Hp, J=13.00 Hz), 3.69(dd, 1H,, J= 12.95 Hz and J=4.00 ),
1.22(d, 3Hg, J= 6.50) ppm. *CNMR(in DMSO-dg): 167.93(C;), 165.64(C,), 148.01(Cio.0),
140.30(C4), 140.06(C4"), 133.89(Coy’), 130.77(Cs), 130.71(Cs’), 130.52(Cs), 130.30(C5), 129.84(Cs),
129.80 (C¢"), 128.52(C;), 128.48(C-), 124.75(Cs), 124.73(Cs") 63.28(C4), 63.10(C; ), 19.17(C11) ppm.
-HgLBr,: "HNMR(in DMSO-dg): 8.61(d, 1H,, J= 8.85 Hz), 8.58 (d, 1He, J= 8.90 Hz), 8.07(d, 2H,
J=7.00 Hz), 7.82(bs, 4Hnwii), 7.70(d, 1H,, J= 15.65 Hz), 7.69(d, 1Hy, J= 15.65 Hz) 7.68 (m, 2H;;),
7.15 (sixtet, 2Hg){ 7.16(dd, 2Hs, J= 15.68 Hz, J= 8.90 Hz), 7.14(dd, 1H;, J= 15.68 Hz and J= 8.90
Hz)}, 4.07 (m, 1H.), 3.95(bd, 1Hy, J=12.95Hz), 3.70(dd, 1H,, J=13.05Hz and J=3.70Hz), 1.24 (d, 3Hg,
J= 6.50 Hz) ppm. *CNMR(in DMSO-dg): 167.91(Cy), 165.70(Cy), 147.99(Cio.10), 140.58(Cy),
140.44(Cy4"), 133.97(Co"), 130.83(Cs), 130.78(Cs’), 130.15(Cs), 129.91(Cs3-), 129.82(Cs), 129.79 (Ce),
128 (C7,7), 124.80(Cs,s), 64.55(Cy), 63.36(C;"), 19.21(C11) ppm.

-HgL1,: *HNMR(in DMSO-dg): 8.58(t(2d), 2Hee, J=9.30 Hz and J=10.55 Hz), 8.07(d, 2Hc, J= 8.05
Hz), 7.82(m, 4Hpnii), 7.70(dd, 1Hg, J=15.75 Hz), 7.69(dd, 1Hy, J= 15.65), 7.67(t, 2H;;, J= 5.90 Hz and
J= 8.30Hz), 7.14(dd, 1Hs, J= 15.60 Hz and J=8.90 Hz), 7.08(dd, 1Hs, J= 15.52 Hz and J= 8.90 Hz),
4.08(m, 1Hc), 3.94(bd, 1Hy, J =12.05Hz), 3.67(dd, 1H,, J= 12.98 Hz and J= 3.55), 1.25(d, 3Hg, J= 6.50
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Hz) ppm. *CNMR(in DMSO-dg): 167.57(C,), 165.34(C,), 147.98(Cyo), 147.96(Cyo), 140.50(Cy),
140.34(Cy4), 134.02(Coy’), 130.85(Cs), 130.80(Cs), 129.86(Cs), 129.80(Cs), 129.60(Cs,s), 128.30
(C7,7), 124.84(Cg,s’), 64.54(Cy), 63.34(C;), 19.37(C11) ppm.

-HgL(SCN),: *HNMR(in DMSO-dg): 8.70(d, 1H,, J=8.90 Hz), 8.67(d, 1H., J= 8.95 Hz), 8.07(d, 2H,
J=8.00 Hz), 7.96(t, 2Hny, J= 6.90 Hz and J= 6.45 Hz), 7.82(bt, 2H;, J= 5.10 Hz and J= 7.00 Hz),
7.71(d, 2Hgg, J= 15.65Hz), 7.67(t, 2H;j, J= 8.15 Hz and J= 7.55 Hz), 7.21(dd, 2Hsr, J= 15.45 Hz and J=
8.90 Hz), 4.08 (m, 1H.), 3.97 (bd, 1Hy, J= 12.90 Hz), 3.74(dd, 1H,, J= 13.15 Hz and J=3.40 Hz),
1.25(d, 3Hg, J=6.45 Hz) ppm. . ®CNMR(in DMSO-dg): 168.55(C,), 166.45(C,"), 148.10(C10,10),
140.93(Cs,4), 133.77(Ce,Co), 130.85 (Cs,Cs), 130.27(Cs), 130.05(Cs), 129.65(Ce), 129.64(Cy),
128.83(C7), 128.76 (C77), 124.72(Csy’), 117.43(Cscn), 64.83(Cy1), 62.82(C,"), 19.12 (Cy1) ppm.
-HgL(N3),: "HNMR(in DMSO-ds): 8.28(d, 1H,, J= 8.75 Hz),8.25(d, 1He, J=8.70 Hz), 8.00(d, 2Hy, J=
8.10 Hz), 7.93(d, 2Hhy, J=7.80 Hz), 7.74(t, 2H;;, J= 7.50 Hz and J= 7.60 Hz), 7.59(t, 2H;;, J=7.70Hz),
7.44(d, 1Hg, J= 15.75 Hz), 7.43(d, 1Hy, J=15.75 Hz), 7.10(dd, 2H¢, J= 15.75 Hz and J= 8.70 Hz),
3.74(bd, 1H,, J= 12.00 Hz), 3.70(q, 1H, J= 5.70Hz), 3.56(dd, 1H,, J= 11.82, J= 5.50 Hz) ppm. .
BCNMR(in DMSO-dg): 164.68(C,), 162.54(Cy), 147.97(Cio10), 136.75(Cs), 136.61(Cy),
133.53(Coy), 131.99(Cs), 131.83(Cs), 130.06(Cs), 130.03(Cs), 12854 (Ces), 128 (C7,7),
124.49(Cs ), 64.62(C1), 64.87(C;), 19.78(C11) ppm.

3. RESULTS AND DISCUSSION

3.1. Physical and analytical data

The analytical and physical data of the ligand and its complexes are summarized in Table 1.
Analytical data prove the 1:1 metal to ligand for all complexes. All of the isolated complexes are
soluble in organic solvents such as chloroform, dichloromethane, dimethylformamide and
dimethylsulfoxide and insoluble in alcohols. The ligand melts at 74 °C while the complexes are
decomposed in the range of 140-259 °C.

Figure 1. Structural formula of ligand and complexes

The general formula of MLX, (M= Cd(Il) and Hg(ll); X=CI’, Br’, I, SCN" and N3") as shown
in figure 1 is proposed for complexes. The molar conductivities of all complexes in CH3Cl or DMSO
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solvent at room temperature are found to be in the range of 0.067-23.14 cm? Q™M™ that well suggest
molecular identity for all complexes indicating coordination of all ligands to the metal ion in inner
sphere coordination space[17, 23].

3.2. FT-IR spectra

Some characteristic IR peaks of the ligand and its complexes have been presented in the Table
2. The ligand absorption frequencies at 3079, 3022, 2988 and 2828 cm™ are assigned to C-H aromatic,
alkenic, aliphatic and iminic C-H bonds respectively and are slowly affected after coordination.
Azomethine groups (C=N) of ligand exhibit to medium peaks at 1635 and 1616 cm™* can safely
attributed to its asymmetric and symmetric stretching vibration respectively [20-22, 24-26]. After
coordination, while the intensity of azomethine asymmetric peaks are aromatic, alkenic, aliphatic and
iminic C-H bonds respectively and are slowly affected after coordination. Azomethine groups (C=N)
of ligand exhibit to medium peaks at 1635 and 1616 aromatic, alkenic, aliphatic and iminic C-H bonds
respectively and are slowly affected after coordination. Azomethine groups (C=N) of ligand exhibit to
medium peaks at 1635 and 1616 cm ™ can safely attributed to its asymmetric and symmetric stretching
vibration respectively [20-22, 24-26]. After coordination, while the intensity of azomethine
asymmetric peaks are enhanced and appeared as very strong peak in all complexes IR spectra, they
shifted by 1-6 cm™ to lower energy. On the other hand azomethine symmetric peaks are shifted to
higher energy and merged to asymmetric by 13-18 cm™ or shifted 2-5 cm™ indicating coordination of
azomethine groups to metal ions. In the ligand spectrum, two very strong peaks are seen at 1513 and
1350 cm™ that may be attributed to asymmetric and symmetric stretching of NO, groups[27]. Due to
coordination of ligand, the asymmetric and symmetric stretching vibrations are shifted by 6-9 cm™ and
5-7 to higher and lower wave numbers respectively.

Table 1. Analytical and physical data of the Schiff base ligand (L) and its Cd(Il) and Hg (II)

complexes.

Compounds  Color m.p(°C) Yield Found
(%) (Cald)(%)
C H N

L yellowish 74 75 64.42(64.28)  5.21(5.14) 14.18(14.28)  0.045

white
CdLCl, cream  160(dec.) 61 43.30(43.81) 3.00(3.50)  9.81(9.73) 19.05
CdLBr, cream  140(dec.) 70 37.81(37.95) 3.17(3.03)  8.25(8.43) 0.067
CdLl; cream  259(dec.) 74 32.9(33.25) 2.52(2.66)  7.61(7.39) 0.07
CdL(SCN); cream  235(dec.) 80 44.58(44.49) 3.34(3.25) 13.41(13.53) 10.49
CdL(N3), cream  183(dec.) 30 - - - 23.14
HgLCl, cream  196(dec.) 88 37.68(37.99) 3.14(3.04)  8.51(8.44) 0.349
HgLBTr» cream 190(dec.) 70 33.22(33.50) 2.41(2.68)  7.22(7.44) 0.860
HgLl, cream  180(dec.) 60 29.70(29.79) 2.46(2.38) 6.71(6.62) 0.436
HgL(SCN), cream 180(dec.) 50 - - - 0.083
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The weak absorption frequencies of complexes at 450-550 cm™ regions may be due to
asymmetrical and symmetrical vibration modes of M-N[28] supporting the coordination of two
azomethine nitrogens of ligand that is in agreement to molar conductivities results. Coordination of
anions to metal ion in this type of complexes is well proved based on thiocyanate and azide complexes
IR spectra. The stretching vibration frequencies of uncoordinated thiocyanate and azide ions are at
2049 and 2126 cm* respectively. Shift of stretching vibration frequencies of azide and thiocyanate to
higher wave number for thiocyanate and to lower wave number respectively with respect to
uncoordinated status of them indicate their binding to metal centers. On the other hand, about
thiocyanate, mode of coordination also is distinguishable from IR spectra.

Generally appearance of a peak at 2055-2080 cm* is assigned to N-coordinated mode and at
higher than 2090 cm* safely attributed to S-coordinated mode of this ion[29-32]. The results in table 2
confirm coordination of azide ions to metal ion centers. Vibration frequencies of thiocyanate ions at
2098 and 2116 cm™ respectively at IR spectra of cadmium and mercury complexes certainly suggest S-
coordination mode of thiocyanate in these complexes.

3.3. Electronic spectra

The ultraviolet-visible spectral data of complexes in CHCI3 or DMF, are summarized in
Table2. In ligand spectrum, a bond at 216nm, a shoulder band at 325 nm and a very intensive band at
258 nm are seen that all are attributed to the n-n* transition of aromatic rings, olefin and azomethine
groups.

Table 2. Some characteristic vibrational (cm™) and electronic (nm) spectral data of the Schiff base (L)
and its cadmium (ll)complexes.

Compound A_max (nm)
L 1635(m),1616 - - - 1513(vs),1350(vs) 216, 258, 326(sh)
(m)
CdLCl, 1635(vs),1614(s) - - 511(w), 412(w)  1519(vs),1343(vs) 271, 326(sh)*
CdLBr, 1632(vs) - - 545(w), 412(w)  1518(vs),1342(vs) 221, 265, 286, 325(sh)
CdLl, 1634(vs),1613(s) - - 491(w),417(w)  1520(vs),1344(vs) 231, 276, 323(sh)
CdL(SCN),  1631vs),1611(m) 2098(vs) - 521(w),461(w)  1514(vs),1339(s) 270, 325(sh)*
CdL(N3), 1634(vs) - 2049(vs)  455(w) 1521(vs),1344(s) 270, 325(sh)*
HgLCl, 1631(vs) - - 492(w), 444(w)  1519(vs),1345(vs) 221, 266, 285, 323(sh)
HgLBr, 1634(vs), - - 446(w), 417(w), 1522(vs),1343(vs) 230, 277, 322(sh)
1616(s)
HgLl, 1633(vs), - - 489(w),468(w)  1519(vs),1344(vs) 231, 278, 326(sh)
1614(s)
HgL(SCN),  1629vs) 2116(vs) - 515(w),461(w)  1519(vs),1350(s) 252, 282, 326(sh)
HgL(Ns), 1633(s) - 2035(vs)  513(w) 1520(vs),1344(s) 220, 260, 325(sh)

*In DMF
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As seen in table2, the first band is vanished or combined with intensive bond after coordination
in cadmium chloride, thiocyanate and azide complexes. In other complexes, the first band is red shifted
by 5-36 nm. The intensive band of ligand well red shifted by 7-36 nm after bounding of ligand to metal
center. This obvious red shifting in electronic spectra is due to metal to ligand n- back bounding after
coordination in this type of complexes.

3.4. *H and **C NMR spectra

The 'H and *C NMR spectral data of ligand and complexes were recorded in DMSO-ds as
solvent at 500MHz and their proton and carbon chemical shifts have been presented in experimental
section. The NMR spectra of the ligand and its complexes well exhibit proton and carbon signals as
expected based on structure in figure 1. The *H NMR spectrum of the ligand includes the azomethine
protons (Hy and Hy) resonances as characteristic ones at 8.11 and 8.09 ppm as doublet with the same
coupling constant of 8.85 Hz[33]. These peaks are down fielded to 8.30-8.70 and 8.25-8.67 ppm
respectively in the complexes with respect to TMS, supporting well binding of the azomethine groups
of ligand to metal ions.

More down fielding of these protons in mercury halide complexes indicates stronger binding of
ligand to mercury ion. The aromatic hydrogens(kk' and hh") of the ligands are appeared as a doublet at
7.91 and 7.79 ppm with coupling constants of 7.85 and 6.76 Hz respectively. In complexes, these
signals are down fielded to 8.00-8.07 and 7.82-7.96 ppm and also in some cases, kk' and hh' hydrogens
are separated from each other.

The aromatic hydrogens(ii* and jj') of ligand are appeared at 7.70 and 7.56 ppm as triplets that
shifted to 7.78-7.82 and 7.59-7.68 ppm after coordination respectively. Olefinic hydrogens of gg' of
ligand are shown as doublet at 7.34 ppm that down fielded to 7.43-7.71ppm in the complexes. It is to
be noted that gg' hydrogens in mercury bromide, iodide and azide complexes are separated and
observed as two kinds of doublets at different chemical shifts. Other olefinic hydrogens of ligand, f
and f', are seen at 6.93 and 6.92 ppm as two separately doublet of doublets that related signals are
shifted to 7.10-7.47 ppm after coordination. Despite of gg' hydrogens, f and f' hydrogens are found to
appear at same chemical shifts after binding to metal ion centers.

Aliphatic hydrogens of b, (a, ¢) and d of the ligand are appeared at 3.66, 3.53 and 1.19 ppm as
broad doublet, multiplet and doublet respectively. After coordination, all signals are down fielded and
also hydrogens of a and c are obviously being distinguishable from each other. The **C NMR spectrum
of the ligand shows two different azomethine carbons signals at 163.18(C,) and 161.14(C,") [30].
These signals are shifted to 165.64-168.55 and 162.54-165.70 ppm in its complexes, indicating well
coordination of the iminic nitrogens to metal ion. All carbons of C(10', 10), C(4',4), C(9',9), C(6',6)
and C(8',8) are deshielded after coordination while carbon signals of C(7',7), C(3',3), C(5',5), C(1',1)
and C(11) smoothly shift to upfield in the complexes. Generally more shielding or deshielding is
observed in mercury complexes with respect to cadmium complexes indicating stronger binding of
ligand to mercury ion than cadmium ion.
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3.5. Electrochemical investigation

In the present study electrochemical properties, cyclic voltammetry (CV) of ligand and
complexes were recorded in dry DMF or acetonitrile on glassy carbon electrode with scan rate of 0.1
VIS. CV diagrams of compounds are depicted at figure 2 and their electrochemical data were
summarized in Tale 3. In all cases couples of redox peaks are observed. Ligand is reduced in two steps
at -0.98 and -1.56 V in negative sweep. These cathodic peaks may be corresponded to reduction of
nitro groups to nitro radical anions[34]. In positive sweep, two anodic peak potentials at -0.81 and 0.57
V that may be attributed to the electro-oxidation of the radical anions formed in the negative sweep.
After coordination of ligand to metal centers, the redox potentials are smoothly found to be changed.
In cadmium complexes, the first cathodic potentials are shifted to less negative numbers. The softness
of coordinated anions supports this positive shifting so that observed in CV of cadmium thiocyante
complex. The second cathodic potentials are shifted to more negative numbers for cadmium chloride,
bromide and iodide while changed to less negative number for cadmium thiocyanate complex. This is
due to strong coordination of thiocyanate to cadmium center than other anions. In reverse sweep, the
first and second anodic potentials are more negative in cadmium chloride complex, unchanged in
cadmium bromide and less negative in cadmium iodide and thiocyanate complexes. In the case of
mercury chloride and azide complexes, both two cathodic potentials are appeared at more negative
numbers indicating strong binding of ligand to mercury ion and electron enrichment of ligand leading
to harder reduction of its nitro groups. The anodic potentials of these complexes are considerably
shifted to more negative numbers due to strong coordination of ligand to mercury center in them.
Despite of others, in the cyclic voltammogram of mercury thiocyanate complex, only a cathodic and an
anodic potential is observed. This redox potentials may be assigned to Hg(I1)/Hg(l) redox process.
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Figure 2- CV diagrams of ligand(a); CdLCl,, CdLBr,, CdLI, and CdL(SCN),(b-e¢) and HgLCl,,
HgL(N3). and Hg(SCN),(f-h).

In principle, cyclic voltammograms are seen as three shapes: reversible, quasi-reversible and/or
irreversible. When the anode and cathode peak currents’ height ratio is very close to 1, the process is
reversible. On the other hand when the peak height ratio is less than or greater than 1, the process is
considered as quasi-reversible. Ultimately an irreversible process is labeled to one that contains only
one peak (either oxidation or reduction).

Table 3. Electrochemical data of ligand and complexes

Compounds | Epci(Epcr) Epc2(Epcr) AEp;? AEp,” Epa1(Epar) | Epa2(Epar)
L 0.98(-0.88)  -156(-1.42)  -0.10 0.14 20.81(-0.88)  -0.57(-0.62)
CdLCl, -0.92(-0.76) -1.64(-0.72) -0.16 -0.92 -0.86(-0.96) -0.65(-0.69)
CdLBr, 20.89(-0.70)  -1.70(-1.56)  -0.19 014 20.81(-0.89)  -0.57(-0.63)
CdLl, 0.90(-0.76)  -161(-1.52) -0.14 20.09 20.71(-0.80)  -0.44(-0.48)
CAL(SCN),  -0.71(:0.59)  -1.16(-1.08)  -0.12 20.08 0.72(0.79)  -0.45(-052)
HgLCl 121(-1.10)  -1.74(-1.60) -0.11 0.14 1.04(-112)  -0.78(-0.85)
HoL(SCN), - 132(-120) - 012 117(127) -
HgL(N5), 118(-1.09)  -1.69(-1.59)  -0.09 20.10 113(-1.19)  -0.89(-0.93)

a) AEp1=Epci-Epcs2
b) AEpy=Epco-Epcr
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Accordingly redox process for mercury thiocyanate complex is reversible and regarding the
fact that in other compounds, current height ratios are less than 1 and also the separation of the
cathodic and anodic peak potentials are more than 100 mV at 100 mV/S, the electrochemical behaviors
are suggested as quasi- reversible processes. Recording of CV diagrams of mercury bromide and
iodide complexes failed due to decomposition of these compounds during the voltage scan.

4. CONCLUSION

In this paper we reported the synthesis, full spectroscopic characterization of new symmetric
bidentate Schiff base ligand and its cadmium(ll) and mercury(ll) halide, azide and thiocyanate
complexes. The physical and spectral data suggest coordination of the ligand and anions in pseudo-
tetrahedral geometry for all complexes. Finally the redox potentials of the complexes were evaluated
by electrochemical method using cyclic voltammetry (CV). The results showed the changes in
cathodic and anodic potentials of coordination compound with respect to uncoordinated ligand. The
ligand and complexes exhibited quasi-reversible electron transfer process except about mercury
thiocyanate complex that shows reversible redox behavior.
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